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[Name of Document] SPECIFICATION 

[Title of the Invention] MISFIRE DETECTING APPARATUS FOR 
INTERNAL COMBUSTION ENGINE 
[Scope of Claims for Patent] 
[Claim 11 

A misfire detecting apparatus for an internal combustion ehgine 
that judges whether or not a misfire occurred, based on the 
comparison between a rotational variation value of an engine and a 
misfire judgment value according to engine operating conditions, 
comprising the steps of: 

judging whether or not said rotational variation value becomes 
larger averagely based on an average correlation between said 
rotational variation value and said misfire judgment value, and 

canceling the misfire judgment when said rotational variation 
value is larger averagely. 

[Claim 21 

A misfire detecting apparatus for an internal combustion engine 
comprising: 

rotational-variation-value-deteoting-means that detect a 
rotational variation value of the engine; 

misfire-judgment-value-setting-means that set a misfire 
judgment value compared with said rotational variation value, 
according to engine operating conditions; 

misfire-judging-means that judge whether or not a misfire 
occured based on a comparison between said rotational variation 
value and said misfire judgment value; and 

misfire-judgment-canceling-means that cancel the misfire 
judgment of said misfire-judging-means based on an average 
correlation between said rotational variation value and said misfire 
judgment value. 

[Claim 3] 

The misfire detecting apparatus for the internal combustion 
engine according to claim 2, wherein 
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said misfire-judgment-canceling-means cancel the misfire 
judgment of said misfire-judging-means. by comparing a ratio between 
an average value of said rotational variation value and an average 
value of said misfire judgment value with a predetermined misfire 
judgment value. 

[Claim 4] 

The misfire detecting apparatus for the internal combustion 
engine according to claim 2, wherein 

said misfire-judgment-canceling-means cancel the misfire 
judgment of said misfire-judging-means, by comparing an average 
value of ratios between said rotational variation value and said misfire 
judgment value with a predetermined cancellation judgment value. 

[Claim 5] 

The misfire detecting apparatus for the internal pombustion 
engine according to claim 3 or claim 4, wherein 

said predetermined cancellation judgment value is calculated 
according to an engine load and an engine rotation speed. 

[Claim 6] 

The misfire detecting apparatus for the internal combustion 
engine according to one of claims 2 through 5, wherein 

said misfire-judgment-cancermg-means eliminate said 
rotational variation value and said misfire judgment value of when said 
rotational variation value is equal to or above said misfire judgment 
vaiue« from said average correlation. 

(Claim 7] 

The misfire detecting apparatus for the internal combustion 
engine according to claim 6, which is provided with 

cancellation-prohibiting-means according to said number of 
samples that prohibit the cancellation of the misfire judgment of said 
misfire-judgment-canceling-means, when the number of samples of 
said rotational variation value and said misfire judgment value, which 
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said average correlation is based on, is less than a predetermined 
value. 

[Claim 8J 

The misfire detecting apparatus for the internal combustion 
engine according to one of claims 2 through 7. which is provided with 

cancellation-prohibiting-means according to a misfire 
frequency that prohibit the cancellation of the misfire judgment of said 
misfire-judgment-canceling-means. when the misfire frequency during 
a period of time where said average correlation is obtained, is equal to 
or above a predetermined value. 

[Claim 9] 

The misfire detecting apparatus for the internal combustion 
engine according one of claims 2 through 8, wherein 

said mlsfire*judgment-canceling-means obtain said average 
correlation, as an average value per a predetermined number of 
ignitions. 

[Claim 10] 

The misfire detecting apparatus for the internal combustion 
engine according to claim 9, wherein: 

said misfire-judging-means output a misfire judgment signal, 
when the misfire frequency per the predetermined number of ignitions 
is accumulated by the predetermined number of times, and when said 
accumulated value is equal to or above a predetermined value; and 

said misfire-Judgment-canceling-means prohibit output of the 
misfire judgment signal based on said accumulated value. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a misfire detecting apparatus 
for an internal combustion engine forjudging whether or not a misfire 
occurred, based on a rotational variation of an engine. 
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[0002] 
[Prior Art] 

In the conventional technique* as a misfire detecting apparatus 
for an internai combustion engine, there is an apparatus in which a 
rotational variation value of an engine (diagnosis data) is detected, 
and the rotational variation value and a misfire judgment value 
(threshold) according to engine operating conditions are compared 
with each other, to judge whether or not a misfire occurred (for 
example, refer to patent documents 1 and 2). 

[00031 

[the Patent Document 1] 
Japanese Unexamined Patent Publication No. 04-171249 

[the Patent Document 2] 
Japanese Unexamined Patent Publication No. 58-05 jl 243 

[0004] 

[Problems to be solved by the Invention] \ 

In an internal combustion engine, the engine rotation speed is 
varied due to a misfire, and is also varied due to the lo'osening of a 
flywheel or the manual transmission of a clutch as deteriorating with 
age. 

[0005] 

Further, during the rough road running of a vehicle, there is a 
case where the engine rotation speed is varied due to a change in 
power caused by a slight variation of an accelerator opening, or a 
change in traction of a driving wheel, according to the vehicle body 
vibration. 

[0006] 

In the conventional technique, although the misfire judgment 
value is set according to the engine load and the engine rotation 
speed to respond differences of the engine-rotation-speed variation 
based on differences of the engine operating conditions, there is a 
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problem in that it is erroneously judged that a misfire occurred, when 
the engine rotation speed is varied due to the factor as described 
above other than the misfire. 

[0007] 

The present invention has an object to provide a misfire 
detecting apparatus that detects a misfire based on a variation of an 
engine rotation speed, which does not erroneously judge that the 
misfire occurred, when the engine rotation speed is varied due to a 
factor other than the misfire, e.g.. a loosening of a flywheel or a clutch, 
and the rough road running. 

[0008] 

[Means for solving the Problems] 

Therefore, In the inventions according to claims 1 and 2, it is 
constituted that the misfire Judgment is canceled based on an average 
correlation between the rotational variation value and the misfire 
judgment value. 
[0009] 

According to such a configuration, as the rotational variation 
value becomes larger averagely due to the loosening of the flywheel or 
the clutch, and the rough road running, the apparatus judges whether 
or not the rotational variation value becomes larger averagely, based 
on the average correlation between the rotational variation value and 
the misfire judgment value. 

[0010] 

When the rotational variation value becomes larger averagely, 
it is estimated that the rotational variation value is influenced by the 
loosening of the flywheel or the clutch, and the rough road running, 
and the misfire judgment is canceled based on the comparison 
between the rotational variation value and the misfire judgment value. 

[0011] 
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Therefore, it i$ possible to avoid the misjudgment of the misfire 
based on enlarged rotational variation value influenced by the 
loosening or the rough road running. 

In the invention according to claim 3. it is constituted that the 
misfire judgment is canceled by comparing the ratio between the 
average value of said rotational variation value and the average value 
of the misfire judgment value with the predetermined misfire judgment 
value. 

[0012] 

According to such a configuration, it is determined whether or 
not the rotational variation value becomes larger averagely. by 
comparing the ratios between the average values of the rotational 
variation value and the average value of the misfire judgment value, 
which average values are obtained at the same time. 

f 

(00131 

Therefore, it Is possible to determine with a high accuracy 
whether or not the rotational variation value tends to become larger 
than that in the normal time, by obtaining the average correlation 
between the rotational variation value and the misfire judgment value 
as a rate of the rotational variation value to the misfire judgment vale. 

[0014] 

Note that the average values of the rotational variation value 
and the misfire judgment value include an accumulated value in 
addition to the average value. 

In the invention according to claim 4. it is constituted that the 
misfire judgment is canceled, by comparing the average value of ratios 
between the rotational variation value and the misfire judgment value 
with the predetermined cancellation judgment value. 

[00151 

According to such a configuration, it is determined whether or 
not the rotational variation value tends to become larger than that in 
the normal time, by obtaining the ratio between the rotational variation 
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value and the misfire judgment value, as well as the average value of 
the ratio, and by comparing the average value of the ratio and the 
cancellation judgment value. 

[00161 

Consequently, it is possible to determine with a high accuracy 
whether or not the rotational variation value tends to become larger 
than that in the normal time, by obtaining the average correlation 
between the rotational variation value and the misfire judgment value 
as a rate of the rotational variation value to the misfire judgment value. 

[0017] 

In the invention according to claim 5, it is constituted that the 
predetermined cancellation judgment value is calculated according to 
the engine load and the engine rotation speed.^ 

According to such a configuration, comparing the average 
value of the ratio between the rotational variation value and the misfire 
judgment value with the cancellation judging value calculated 
according to the engine load and the engine rotation speed, the 
misfire judgment is canceled based on the result of the comparison. 

[0018] 

Consequently, it is possible to improve the judgment accuracy 
by calculating the cancellation judgment value optimum for the engine 
operating conditions. 

In the invention according to claim 6, it is constituted that the 
rotational variation value and the misfire judgment value of when the 
rotational variation value is equal to or above the misfire judgment 
value, is eliminated from the average correlation. 

[0019] 

According to such a configuration, the rotational variation value 
and the misfire judgment value of when the occurrence of the misfire is 
judged according to the rotational variation value being equal to or 
above the misfire judgment value, are not used for samples to obtain 
the average correlation. The average correlation is obtained based 
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on the rotational variation vaiue and the misfire judgment value of 
when the occurrence of the misfire is judged according to the 
comparison between the rotational variation value and the misfire 
judgment value. 

[0020] 

Consequently, it is possible to avoid the cancellation of the 
misfire judgment in mistake, when a large rotational variation caused 
by the misfire influences detection results of the average correlation 
between the rotational variation value and the misfire judgment value. 

[0021] 

In the invention according to claim 7, it is constituted that, the 
misfire judgment is canceled, when the number of samples of each of 
the rotational variation value and the misfire judgment value, which 
the average correlation is based on, is less than the pr|edetermined 
value. 

[0022] I 

According to such a configuration, if the number of samples of 
each of the rotational variation value and the misfire judgment value of 
when the average correlation of the rotational variation value and the 
misfire judgment value is obtained, is small, the misfire judgment 
based on the average correlation is canceled because it is difficult to 
judge the influence caused by such as loosening or the rough road 
running with high accuracy. 

[0023] 

Consequently, it Is possible to avoid the unnecessary 
cancellation of the misfire judgment by erroneously judging the 
influence caused by such as the loosening or the rough road running 
when the number of samples is small. 

In the invention according to claim 8, it is constituted that, the 
misfire judgment is canceled when the misfire frequency during a 
period of time where the average correlation is obtained, is equal to or 
above the predetermined value. 
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[0024] 

According to such a configuration, when the misfire frequency 
during a period of time where the average correlation Is obtained, is 
equal to or above the predetermined value, even if there is the 
influence caused by the loosening or the rough road running, this 
possibility of the actual misfire is high, the cancellation of the misfire 
judgment is prohibited. 

[0025] 

Consequently, it is possible to avoid the cancellation of the 
misfire judgment according to the average correlation between the 
rotational variation value and the misfire judgment value, when the 
possibility of the actual misfire is high. 

In the invention according to claim 9, it is constituted that, the 
average correlation between the rotational variation value and the 
misfire judgment value is obtained as an average value per the 
predetermined number of ignitions. 

[0026] 

According to such a configuration, the average correlation 
between the rotational variation value and the misfire judgment value 
Is obtained by obtaining the average value of the rotational variation 
value and the misfire judgment value per the predetermined number of 
ignitions, or by obtaining the average value of the ratio between the 
rotational variation value and the misfire judgment value. 

[0027] 

Consequently, it is possible to simply and adequately obtain 
the average correlation between the rotational variation value and the 
misfire judgment value. 

In the invention according to claim 10, it is constituted that, the 
misfire judgment signal is outputted when the misfire frequency per 
the predetermined number of ignitions is accumulated by the 
predetermined number of times, and when the accumulated value is 
equal to or above the predetermined value, and the output of the 
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misfire judgment signal is prohibited based on the average correlation 
between the rotational variation value and the misfire Judgment value. 

[0028] 

According to such a configuration, when the misfire frequency 
per the predetermined number of ignitions is obtained, and the misfire 
frequency is accumulated by the predetermined number of times, and 
if the accumulated value is equal to or above the predetermined value, 
it is judged the actual misfire is continuously occurred, which is not the 
influence of the noise. Thus, the misfire judgment signal is outputted. 
However, when it is estimated there is the influence caused by the 
loosening or the rough road running, based on the average correlation 
between the rotational variation value and the misfire judgment value, 
even if the accumulated value of the misfire frequency is equal to or 
above the predetermined value, the output of the misfire judgment 
value is canceled. \ 

[0029] j 

Consequently. It Is possible to avoid the erronedus judgment of 
the misfire due to the Influence of noise, and to avoid the erroneous 
judgment of the misfire due to the influence by the loosening or the 
rough road running. 

[0030] 

[Embodiment of the Invention] 

Embodiments of the invention will be explained with reference 
to the accompanying drawings. 

FIG. 1 Is diagram showing a system configuration of an internal 
combustion engine in an embodiment* 

[0031] 

In FIG. 1, an electronically controlled throttle chamber 104 is 
disposed in an Intake pipe 102 of an internal combustion engine 101. 

Electronically controlled throttle chamber 104 consists of a 
throttle valve 103b and a throttle motor 103a driving throttle valve 
103b to open/close. 
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Air is sucked into a combustion chamber 106 of engine 101 via 
electronicplly controlled throttle chamber 104 and an intake valve 105. 

[0032] 

A combusted exhaust gas Is discharged from combustion 
chamber 106 via an exhaust valve 107, and is purified by a front 
catalytic converter 108 and a rear catalytic converter 109, and then 
emitted into the atmosphere. 

Intake valve 105 and exhaust valve 107 are driven to 
open/close by cams disposed to an intake side camshaft 110A and to 
an exhaust side camshaft 11 OB, respectively. 

[00331 

An electromagnetic fuel injection valve 112 is disposed In an 
intake port 111 on the upstream side of intake valve 10S. 

Fuel injection valve 112 is driven to open by an injection pulse 
signal output from an engine control unit (to be abbreviated as ECU 
hereunder) 113, to inject fuel adjusted at a predetermined pressure 
toward intake valve 105. 

[0034] 

Note, the engine may be such a type, direct injection by 
in-cylinder, that fuel injection valve 112 directly injects fuel into 
combustion chamber. 

An air-fuel mixture formed in each cylinder is ignited to burn 
with the spark ignition by an ignition plug 114. 

[0035] 

ignition plug 114 is provided with an ignition coil 114A 
incorporating therein a power transistor. 

ECU 113 performs a switching control of the power transistor, 
to independently control ignition timing (an ignition timing advance 
value) of each cylinder. 

[0036] 
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ECU 113 receives detection signals from an accelerator pedal 
sensor APS 116 detecting an accelerator opening, an air flow meter 
115 detecting an intake air amount Q of engine 1 01 . a crank angle 
sensor 117 taking out a position signal POS for each unit crank angle 
from a crankshaft 121, a throttle sensor 118 detecting an opening TVO 
of throttle valve 103b, a water temperature sensor 119 detecting a 
cooling water temperature Tw of engine 101, a cam sensor 120 taking 
out a cylinder judgment signal PHASE from intake side camshaft 11 OA, 
and the like. 

ECU 113 calculates an engine rotation speed Ne based on the 
position signal POS. 

[0037] 

Further, ECU 113 has a function of judging an occurrence of 
misfire based on a variation of the engine rotation speed Ne, as 
software. Such a misfire judging function will be descfjiibed in 
accordance with flowcharts of FIG. 2 and FIG. 3. 

[0038] 1 

The flowchart of FIG. 2 shows a routine executed every one 
ignition. 

In step 81, an ignition counter for counting the number of 
ignition times is counted up* 

In step S2, an engine load Tp and the engine rotation speed Ne 
are read. 

[0039] 

Note, the engine load Tp can be represented by a basic 
injection quantity in fuel injection valve 112, a cylinder intake air 
amount, a throttle opening or the like. 

In step S3, it is judged whether or not the engine load Tp and 
the engine rotation speed Ne read in step S2 are within previously set 
ranges, respectively. 

Then, if the engine load Tp and the engine rotation speed Ne 
are within the previously set ranges, control proceeds to step 84. 
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10040] 

In step S4, rotational variation value (diagnosis data) ANe 
indicating the variation of the engine rotation speed Ne is calculated 
based on the detection signal from crank angle sensor 117. 

the rotational variation value ANe is calculated as a deviation 
between the engine rotation speeds Ne calculated at least two crank 
angle positions within one ignition cycle. 

[0041] 

Crank angle sensor 117 and a processing of step S4 
corresponds to rotational-variation-value-detecting-means. 

In step S5. referring to a map storing a misfire judgment value 
(threshold) SL for misfire judgment in each region, which is previously 
classified depending on the engine load Tp and the engine rotation 
speed Ne, the threshold SL corresponding to the engine load Tp and 
the engine rotation speed Ne at that time is calculated. 

10042] 

Note, the threshold $L is previously set. so that the diagnosis 
data ANe exceeds the threshold SL when a misfire occurred. 

A processing of step 85 corresponds to misfire-judgment- 
value-setting-means. 
[0043] 

In step S6, It is Judged whether or not the rotational variation 
value ANe is equal to or above the misfire judgment value SL. 

Then, if the rotational variation value ANe is equal to or above 
the misfire judgment value SL, control proceeds to step S7. where a 
misfire counter is counted up. 

[0044] 

Note, if the rotational variation value ANe is equal to or above 
the misfire judgment value SL, the possibility of the misfire occurrence 
is high. However, in the embodiment, as described below, a 
frequency of judging that the rotational variation value ANe is equal to 
or above the misfire judgment value SL (a misfire frequency), is 
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obtained every 400 ignitions^ and the misfire frequency is accumulated 
every 2000 Ignitions. When it is judged that the accumulated misfire 
frequency is equal to or above a predetermined value, a final misfire 
judgment signal is outputted. This processing corresponds to 
misfire-judging-means. 

[0045] 

On the other hand* if the rotational variation value ANe is less 
than the misfire judgment value SL. control proceeds to step S8. 

In step S8, an accumulated value EANe up to the previous time 
is added with the present rotational variation value ANe, to update the 
accumulated value ZANe. 

[0046] 

In the next step S9, an accumulated value £SL up to the 
previous time is added with the present misfire judgmer^t value SL, to 
update the accumulated value SSL. 

In step S10, an accumulation counter Is counted: up. 

'I 

[00471 I 

In step S11, it is judged whether or not a value of the Ignition 

counter reaches 400, and if the value of the ignition counter=400, 

control proceeds to step S12, 

The ignition counter is reset to 0 when control proceeds to S12 

and the subsequent steps as described later. Therefore, control 

proceeds to step S12 and the subsequent steps every 400 ignitions. 

(0048J 

In step S12, a ratio between the value of the misfire counter 
and 400 as the total number of ignition times is calculated as data 
indicating a misfire frequency. 

in step SI 3, it is judged whether or not a value of the 
accumulation counter Is equal to or above a predetermined value A. 

[0049] 
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Then, if the value of the accumulation counter is less than the 
predetermined value A, and the number of samples of each of the 
accumulated value EANg and the accumulated value ZSL is less than 
the predetermined value A, control proceeds to step 816. 

[0050] 

In step SI 6, the misfire frequency presently obtained in step 
S12 is added to a misfire frequency accumulated value up to the 
previous time, to update the misfire frequency accumulated value. 

The misfire frequency accumulated value is used forjudging as 
to whether a final misfire judgment signal (misfire warning) is output, 
in a routine shown in the flowchart of FIG. 3. 

[0051] 

When control proceeds from step S13 to step S16, as described 
below, cancel of the misfire judgment do not occur. Hence, a 
comparison processing of step S13 corresponds to cancellatlon- 
prohibiting-means according to the number of samples. 

[00521 

On the other hand, in the case where the value of the 
accumulation counter is equal to or above the predetermined value A, 
that is, in the case where the number of samples of each of the 
accumulated value ZANe and the accumulated value SSL Is equal to or 
above the predetermined value A, control proceeds to step 314. 

[00531 

In step S14, It is judged whether or not a ratio between the 
accumulated value ZANe and the accumulated value SSL is equal to or 
above the previously set cancellation judgment value. 

Here, if ZANe/ £SL is less than the cancellation judgment value, 
control proceeds to step S16, where the misfire frequency 
accumulated value is updated. 

[00641 
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On the other hand, If ZANe/ SSL is equal to or above the 
cancellation judgment value, control proceeds to step S15, where it is 
judged whether or not the misfire frequency obtained in step S12 is 
equal to or above a predetermined value. 

[0055J 

Then, if the misfire frequency is equal to or above the 
predetermined value, control proceeds to step S16, where the misfire 
frequency accumulated value is updated. If the misfire frequency is 
less than the predetermined value, control proceeds to step S17, 
where 1 is set to a cancellation flag. 

[0056] 

A comparison processing of step S15 corresponds to 
cancellatlon-prohiblting-means according to the misfire frequency. 

ZANe/ SSL, which Is a value that becomes larger^ when the 
rotational variation value ANe becomes larger averagely to approach 
the misfire judgment value SL. is parameter indicating an average 
correlation between the rotational variation value ANe and the misfire 
judgment value SL. | 

10057] 

Note, a simple average of the rotational variation value ANe is 
obtained If EANe/the number of accumulating times, and a simple 
average of the misfire judgment value SL is obtained if ZSL/the 
number of accumulating times. However, since [SANe/the number of 
accumulating timesJ/[ SSL/the number of accumulating 
times]= 2ANe/ ISL, the division by the number of accumulating times 
is omitted. 

[0058] 

Namely, ZANe/ZSL corresponds to a ratio between the simple 
average of the rotational variation value ANe and the simple average 
of the misfire judgment value SL. and lANe is an average value of the 
rotational variation value ANe and ZSL |s an average value of the 
misfire judgment value SL. 
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[00591 

Further, in the calculation of SANe and SSL. since a value of 
when the occurrence of misfire is judged, is eliminated, the average 
correlation between the rotational variation value ANe and the misfire 
judgment value SL, which Is indicated by SANe/SSL. shows with 
accuracy an increase tendency of rotation variation due to a factor 
other than misfire. 

[0060] 

Here, in the case where SANe/SSL is equal to or above the 
cancellation judgment value, it is indicated that the rotational variation 
value ANe becomes larger ayeragely than that in the normal time. 

Then, it is judged that an increase tendency of the rotational 
variation value ANe is caused by a factor other than misfire, such as 
the loosening of a flywheel, the deterioration of a clutch or the rough 
road running of a vehicle. 

[0061] 

Here, if the rotation variation of the engine becomes larger 
averagely, the rotational variation value ANe exceeds the misfire 
judgment value SL due to a slight increase of rotation variation, which 
is not caused by a misfire. Therefore, there is a possibility of 
erroneous judgment of misfire. 

[0062] 

Contrary to the above, in the case where lANe/lSL is less than 
the cancellation judgment value, it is estimated that there is no 
increase of rotation variation caused by a factor other than misfire, 
such as the loosening of the flywheel, the deterioration of the clutch or 
the rough road running of the vehicle. 

Then, if there is no increase of rotation variation caused by a 
factor other than misfire, it is determined that the misfire judgment can 
be performed with accuracy based on the comparison between the 
rotational variation value ANe and the misfire judgment value SL. 
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[0063] 

Therefore, in the case where SANe/SSL is less than the 
cancellation judgment value, control proceeds to step S16. where the 
misfire frequency presently obtained in step S12 is added to the 
misfire frequency accumulated value up to the previous time, to 
update the misfire frequency accumulated value. 

[00641 

On the other hand, in the case where SANe/SSL is equal to or 
above the cancellation judgment value, there is a possibility of 
erroneous judgment of misfire. However, if the misfire frequency is 
equal to or above the predetermined value, it is estimated that a 
misfire actually occurred even if the rotation speed variation is 
increased caused by a factor other than misfire, such as the loosening 
of the flywheel, the deterioration of the clutch or the roijgh road 
running of the vehicle. 

Accordingly, even if 2ANe/2SL is equal to or above the 
cancellation judgment value, in the case where the misfire frequency 
is equal to or the predetermined value, control proceeds to step S16, 
where the misfire frequency accumulated value is updated. 
[0065] 

Further, in the case where ZANe/ZSL is equal to or above the 
cancellation judgment value and also the misfire frequency is less 
than the predetermined value, it is judged that the presently obtained 
misfire frequency is resulted from an influence by the Increase of 
rotation variation caused by a factor other than misfire, such as the 
loosening of the flywheel, the deterioration of the clutch or the rough 
road running of the vehicle! 

Then, in such a case. 1 is set to the cancellation fiag so that the 
presently obtained misfire frequency is not used for a final misfire 
judgment. 
[0066] 

If the accumulation counter has a value less than the 
predetermined value A, and if the number of samples of the rotational 
variation value ANe from which the accumulated value £ANe and the 
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accumulated value ZSL is evaluated is not enough, It is impossible to 
judge with high accuracy by an influence, such as the loosening of the 
flywheel, the deterioration of the clutch or the rough road running of 
the vehicle, on the rotational variation value ANe. based on £ANe/£SL. 

10067] 

Therefore, the setting of the cancellation flag based oh whether 
or not SANe/SSL is equal to or above the cancellation judgment value, 
is performed only when the accumulation counter has a value equal or 
above the predetermined value A. 

Consequently, if the accumulation counter has the value less 
than the predetermined value A, control proceeds to step S16, where 
the misfire frequency accumulated value is updated, to avoid the 
cancellation of misfire judgment. 

[0068] 

In step S18, the ignition counter, the accumulation counter, the 
misfire counter, and the accumulated values SANe and SSL. are 
cleared, to terminate the present routine. 

The flowchart of FIG. 3 shows a routine executed every 2000 

ignitions. 

In step S21. it is judged whether or not 1 is set to the 
cancellation flag. 

[00691 

If 1 is set to the cancellation flag, control proceeds to step S22. 
where the misfire frequency accumulated value and the cancellation 
flag are cleared to terminate the present routine. As a result, the 
misfire warning based on the misfire frequency accumulated value (an 
output control of misfire judgment signal) is canceled. 

[0070] 

Accordingly, when the misfire frequency unrelated to actual 
misfire becomes larger according to the rotational variation value ANe 
being larger by the influence, such as the loosening of the flywheel, 
the deterioration of the clutch or the rough road running of the vehicle. 
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it i$ possible to prevent the erroneous misfire warning. Therefore, it 
is possible to increase the reliability of the misfire judgment. 

[00711 

A processing of setting 1 to the cancellation flag in step S17 
based on a comparison processing of step S14 and a processing 
proceed to step S22 based on the judgment of step S21 correspond to 
misfire-judgment*canceling-means. 

[0072] 

On the other hand, if it is judged in step S21 that 0 is set to the 
cancellation flag, control proceeds to step S23. where it is judged 
whether or not the misfire frequency accumulated value is equal to or 
above a predetermined value X. 

[0073] i 

The misfire frequency is obtained every 400 ignitions while the 
present routine Is executed every 2000 ignitions. Therefore, the 
misfire frequency accumulated value to be compared with the 
predetermined value X in step S23 becomes a value obtained by 
accumulating sequentially the misfire frequency obtained every 400 
ignitions by the five numbers of times. 

[0074] 

If it is judged in step S23 that the misfire frequency 
accumulated value is equal to or above the predetermined value X, 
control proceeds to step S24. where the misfire warning is given to a 
driver by means of a warning device 123, such as a lamp, a buzzer or 
the like. 

[0075] 

Note, the configuration of the present embodiment has been 
such that the output of the final misfire judgment signal is an output of 
an operation signal of warning device 123. However, the present 
invention is not limited thereto, and the configuration may be such that, 
for example, the misfire judgment signal is made a prohibition signal 
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of the lean air-fuel ratio combustion, to forcibly shift a target air-fuel 
ratio from a lean air-fuel ratio to a stoichiometric air-fuel ratio. 

[0076] 

In step S25, the misfire frequency accumulated value is cleared, 
to terminate the present routine. 

In the embodiment, it is possible that ANe/SL is calculated at 
each time when the rotational variation value ANe is calculated, and 
the accumulated value of ANe/SL is used as the data indicating the 
average correlation between the rotational variation value ANe and 
the misfire judgment value SL. 

[00771 

An embodiment having the above configuration is shown in a 
flowchart of FIG. 4. 

The flowchart of FIG. 4 differs from the flowchart of FIG. 2 only 
In steps S8A, S9A and S14A. Therefore, the steps in the flowchart of 
FIG. 4, which execute the same processing as in the steps in the 
flowchart of FIG. 2, are denoted by the same numerals as in the 
flowchart of FIG. 2, and the description thereof is omitted. 

[0078] 

In step S8A In the flowchart of FIG. 4, a ratio between the 
presently calculated rotational variation value ANe and the misfire 
judgment value SL (ratio^ANe/SL) is calculated. 

In step S9A, the accumulated value S [ ANe/SL] of ANe/SL is 
updated. 

[0079] 

Then, ANe/SL is accumulated between each 400 Ignitions, and 
control proceeds to step S14A. where it is judged whether or not the 
accumulated value £[ ANe/SL]/the number of accumulating times, i.e., 
average value of X[ ANe/SL], is equal to or above the previously set 
cancellation judgment value. 

[0080] 
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In the present embodiment, an average value of aNo/SL is 
parameter indicating an average correlation between the rotational 
variation value ANe and the misfire judgment value SL. 

In the case where the accumulated value ZlANe/SL]/the 
number of accumulating times is less than the cancellation judgment 
value, it is judged that there Is no influence by the loosening of the 
flywheel or the clutch, or the rough road running of the vehicle, and 
control proceeds to step S16 in which the misfire frequency is 
accumulated. 

[0081] 

On the other hand, if the accumulated value LIANe/SL]/t- he 
number of accumulating times is equal to or above the cancellation 
judgment value, it is further judged in step SI 5 whether or not the 
misfire frequency is equal to or above the predetermined value. 

If the misfire frequency is less than the predeterr^ined value, 
and It is not an apparent misfired condition, it is estimated that there is 
an influence by the loosening of the flywheel or the clutch, or the 
rough road running of the vehicle, and control proceedsUo step S17, 
where 1 is set to the cancellation flag. | 

[0082] 

Further, if the misfire frequency is equal to or above the 
predetermined value, it is judged that a misfire actually occurred even 
if there is an influence by the loosening of the flywheel or the clutch, or 
the rough road running of the vehicle, and therefore, control proceeds 
to step SI 6 in which the misfire frequency is accumulated. 

[0083] 

Also in the above embodiment, the rotation variation becomes 
larger due to an influence, such as the loosening of the flywheel or the 
clutch, or the rough road running of the vehicle. Thus, it is possible to 
avoid the erroneous judgment of misfire. 

[0084] 
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Note, in the above embodiment, the configuration has been 
such that timing for obtaining the average correlation between the 
diagnosis data ANe and the threshold SL is every 400 ignitions, and 
the final misfire judgment is performed every 2000 ignitions. However, 
it is apparent that the present invention is not limited to such number 
of ignition times. 

[00851 

Further, it is also possible to omit the judgment of accumulation 
counter In step SI 3 and/or the judgment of misfire frequency In step 
S15. 

The configuration can be such that the cancellation judgment is 
set according to engine operation conditions. An embodiment having 
such a configuration Is shown in a flowchart of FIG. 5. 

[00861 

In the flowchart of FIG, 5, steps S10a and S10b for setting the 
cancellation judgment value are added to the flowchart of FIG. 4. 
Thus, the cancellation judgment value Is different from that of step 
S14. 

[00871 

in step SlOa. the cancellation judgment value is calculated 
based on the engine load and the engine rotation speed. 

The calculation of the cancellation judgment value can be 
performed by previously setting a map in which the cancellation 
judgment value is stored according to the engine load and the engine 
rotation speed, to retrieve the map. 

[00881 

In the next step S10b, the cancellation judgment value is 
accumulated. 

Then, in step 8146, an average value is obtained by dividing 
the accumulated value of the cancellation judgment value by the 
number of accumulating times, and this average value of the 
cancellation judgment value and the average value of ANe/SL are 
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compared with each other. 
[00891 

According to the above configuration, the cancellation 
judgment value optimum for the engine operating conditions (engine 
load, engine rotation speed) can be calculated, to improve the 
judgment accuracy. 

Note, as in the case of the flowchart of FIG. 2, it is apparent 
that, in the configuration where EANe/rSL and the cancellation 
judgment value are compared with each other, the cancellation 
judgment value can be calculated according to the engine operating 
conditions (engine load, engine rotation speed) as In the flowchart of 
FIG. 5. 

[Brief Description of the Drawings] 

[FIG. 1] a diagram shows a system configuration of an internal 
combustion engine in an embodiment. 

[FIG. 2] a flowchart shows an update control of a misfire frequency 
accumulated value in the embodiment. j 

[FIG. 31 a flowchart shows a misfire judgment control In the 
embodiment. 

[FIG. 4] a flowchart shows a second embodiment of the update 
control of the misfire frequency accumulated value. 

[FIG. 5] a flowchart shows an embodiment for calculating a 
threshold for cancellation judgment according to engine operating 
conditions. 

[Explanation of Reference Numerals] 
10V- -internal combustion engine, 1 13- • -engine control unit (ECU), 
117- --crank angle sensor. 1 19* • -water temperature sensor, 120- 
cam sensor, 121 • • -crankshaft, 123- ■ -warning device 
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[Name of Oocumentl ABSTRACT 
[Abstract] 

[Subject] To avoid decrease of a misfire judgment accuracy due to 
the influence, such as the loosening of the flywheel, the deterioration 
of the clutch or the rough road running of the vehicle. 

[Means for solving the Subject] As well as comparing a rotatiortal 
variation value ANe of an engine and a misfire judgment value SL (86), 
each of the rotational variation value ANe and the misfire judgment 
value SL of when it is judged that no misfire is occurred, is 
accumulated (88-810). Further, when the accumulation value of the 
each of the rotational variation value ANe and the misfire judgment 
value SL between every 400 ignitions is equal to or above a 
predetermined value (813), when accumulated value ZANe / 
accumulated value ZASL is equal to or above a predetermined value 
(814), and when a misfire frequency between 400 ignitions is less than 
the predetermined value (815), a final misfire judgment based on the 
accumulated value of the misfire frequency between 400 Ignitions is 
canceled (817). 
[Selected Drawing] FIG. 2 
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